INTRODUCTION
Wireless data gathering systems have the potential to restructure the instrumentation used in a variety of industries, including security, health care, and transportation. Looking at wireless sensing technology, both active and passive telemetry are used. Active telemetry systems provide relatively long range bidirectional sensor data transfer [1] . An important example of such active telemetry system is the development of wireless sensor systems that can be integrated into a noninvasive capsule format to perform endoscopic functions within the gastrointestinal tract. Several capsules have been prototyped to date [2] [3] [4] .
Different physiological parameters, including temperature, pressure and pH can be captured within the GI tract, and the data are relayed wirelessly to a body-worn device (base station). The basic structure of such devices comprises contact or noncontact sensors, an instrumentation circuit, a transmitter, and a power source [5] . There are several key requirements for the ingestible telemetry systems. The capsule production must be cost-effective, since it will only be used once. Low-power consumption is a requirement to minimize battery, hence overall, size and increase operating time. Gastric emptying takes between 0.5-4 h to complete and semi-digested food takes 2-3 h to pass through the small intestine. Once in the colon, gut content moves relatively slowly at approximately [5] [6] [7] [8] [9] [10] 
SIGEB PRESSURE SENSOR
The process relies on the silicon fusion bonding of two silicon wafers to seal the pressure sensor cavity and construct the device [6] . Strain compensated Sil x YGexBY layers have been shown to exhibit excellent characteristics similar to those exhibited by simple heavily boron doped layers when used as etch stops in wet chemical etching solutions [6] . In this work, our sensors have been developed based on the advantage of these properties.
A schematic view of the sensor we have developed is depicted in Figure 1 In order to integrate the sensors with the wireless module, the sensor dice was wire bonded onto TO package using chip on board technology. A photograph of the packaged sensor is shown in Figure   2 . Table. 1 summarizes the main technical details of the pressure sensors. The base station sends commands to switch on the radio and configure the capacitive unit, and receives data packets sent by the miniaturized module. The system is half duplex, so data cannot be transmitted and received at the same time. A photograph of the double-sided wireless prototype is shown in Figure 4 . display a good power response at the desired frequency. The total size of the system printed circuit board (PCB) is 22 
RF TRANSCEIVER AND CAPACITIVE INTERFACE
Nordic NRF905 multiband transceiver has been selected for the prototype [7] , since it has a very small size (5x5mm) with other useful features. The transceiver part is accessed through an internal serial peripheral interface (SPI) unit. Mainly the RF transceiver consists of fully integrated frequency synthesizer, a power amplifier, and a modulator and receive unit. Output power, frequency channels and other RF parameters are easily programmable by the use of on-chip SPI interface. The RF part has a power management unit which is essential to regulate the power supplied to other parts of the module. Under program control, power management unit can turn on or off the RF transceiver and also provide the system with several low power modes.
EA Modulator has been used for the capacitive interface circuitery, where a fixed excitation voltage is used across a variable capacitor Cin which represents the off chip sensor capacitance as shown in Figure 7 . The reference capacitor Cref is periodically switched to the reference input Vref, and along with sensor capacitor will pump charge into the integrator capacitor Cint. The output data will represent the ratio between the sensor capacitance and Cref. The digital filter processes the modulator output, which is a stream of Os and Is containing the information in 0 and 1 density. The data from the digital filter is scaled and the final result can be read through the serial interface.
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Ftr ,<H R E . ( )+ 2-3-receiver sensitivity. In addition, the CPU frequency can be controlled by software to select the appropriate value. Introduce an efficient compression algorithm. Using wakeup feature to power off the transceiver when there is no transmission. In Figure 8 , the supplied voltage of the battery has been measured for lOdBm output power exploiting the effect of the wakeup mode on the battery lifetime. The current consumption has been investigated in Figure 9 for a certain time segment to get a better idea of how the current is fluctuating. Fig.9 Measuring the current variations of the module. Since 2.6 V is the minimum operating voltage, then from figure 8, the module can function properly 1-4244-1218-8/07/$25.00 ©2007 IEEE up to 23.08 h with the wakeup mode. Again this lifetime can be prolonged by reducing the transmitted output power and use the compression. The peaks in the current figure obviously refer to the time instants when there is data transmission. This is due to the ShockBurstTM protocol used by the RF module where data is transmitted as higher rate over a short window. Most current is consumed by the RF transceiver during the transmission. That's why reducing the amount of data transmission will be a key feature to reduce the overall power consumption. The current will drop down to -2.5mA when there is no transmission which is the average current consumed by only MCU and the capacitive units.
EXPERIMENTAL RESULTS
The telemetric link and its capabilities to send information have been examined on a test bench as shown in Figure 10 . The bench system has been developed to simulate the environment inside the gastrointestinal tract (GI). The system is pumping a fluid with a certain properties inside long tube of 50mm diameter. The rate of fluid flow will generate the required pressure range according to special software designed for this purpose. [8] . Figure 11 shows a sample result for the sensor sensitivity against pressure. The pressure sensors have been attached to the wireless module through a special connection to be tested in the GI bench. A mixture of silicon rubber materials has been used to perform one layer packaging for the module. Such layer will have a small impact on the pressure absorption, which can be tolerated at the end by the MCU.
A pressure range from 0 to 1OkPa has been applied first to examine the sensor response since it's the same range of pressure that could be generated inside the GI Figure 12 , the behavior of the sensors has been investigated over a large pressure range as well. From the presented results it can be seen that strain compensated SiGeB sensors have a good sensitivity to different ranges of pressure.
The maximum difference between loading and unloading cycles was measured and expressed as a percentage of the full-scale deviation in order to calculate the hysteresis. Values ranging from 5 -6 %O have previously been calculated for polymer thick film devices [8] . In this work, the hysteresis was calculated to be between 0.17% and 0.830% for the two pressure ranges as shown in Figure 13 . This corresponds very well with the quoted above. 
CONCLUSIONS
The work describes the development of a novel wireless sensor prototype suitable to measure the contractions pressure inside the GI tract. The pressure sensors are fabricated based on the heavily doped compensated SiGeB. The sensors designed to be used in the medical pressure range (0-300mmHg) with a good sensitivity to small pressure changes.
Operation and experimental study proved that the prototype worked as designed. Increasing battery lifetime was the main design requirement. Based on this, a number of techniques have been developed to achieve this goal and reduce overall power consumption. The RF antenna part with the impedance matching circuit has been designed with great attention. Obviously the RF circuit showed a superior level of power reflected back (<-22dB). The SiGeB pressure sensors were evaluated using the wireless prototype in a special developed test bench. It was seen that sensors displayed a high sensitivity to the desired pressure changes in the range 0 -10 kPa. The hysteresis was measured in different pressure ranges and found to be negligible.
